Radiation fields emitted by O, B-type stars or young stellar populations (SPs) are generally considered as significant central ionizing sources (CISs) of classic H II regions. In our previous studies, we show that the inclusion of binary interactions in stellar population synthesis models can significantly increase the ultraviolet spectrum hardness and the number of ionizing photons of intermediate-age (IA, 7 < ∼ log(t/yr) < ∼ 8) SPs. In this work, we present photoionization models of H II regions ionized by radiation fields emitted by IA SPs, and show that radiation fields of IA SPs, including binary systems, are in theory possible candidates of significant CISs of classic H II regions.
INTRODUCTION
An H II region is a large low-density cloud of partially ionized gas and originated from a giant molecular cloud. H II regions always associate with regions of recent star formation, can ionize surrounding gas and produce radio emission and various emission lines, so they relate closely to the determinations of star formation rate and chemical compositions of galaxies.
In general, it is thought that the significant central ionizing sources (CISs) of classic H II regions are radiation fields emitted by O, B-type stars or clusters of such stars (i.e., young stellar populations, SPs) and that the intermediateage (IA) and old SPs have no enough hard extreme ultraviolet (EUV) spectra to ionize neutral hydrogen. For example, in the photoionization models of Dopita et al. (2000, here- after Dop00) and Kewley & et al. (2001, hereafter Kew01) , the CISs of H II regions were the radiation fields emitted by SPs from ages of 0 to 6 and of 0 to 8 Myr, corresponding to the evolutionary population synthesis (EPS) models of PÉGASE (Fioc & Rocca-Volmerange 1997 , 1999 , using Padova tracks) and Starburst99 (Leitherer et al. 1999 , ⋆ E-mail: zhangfh@ynao.ac.cn; zhang_fh@hotmail.com Geneva tracks), respectively. They thought that there is no further evolution for SPs' EUV spectra and a balance between star birth and star death is set up for all stellar masses contributing significantly to the SPs' EUV spectra.
In fact, IA and old SPs are very important for classic H II regions. Starburst would last ∼10 8 yr (comparable to the typical dynamical timescale) and old SPs will dominate the spectrum because young SPs have dispersed into field during this period (Groves & et al. 2008, hereafter G08) . Kannan et al. (2014) have ever used the t=2 Gyr old SP's spectra from the EPS models of Bruzual & Charlot (2003) to investigate the effect of local photoionizing radiation on gas cooling rate. The cooling rate of halo gas is critical to determine how much fuel is available to form stars in galaxies. Their work based on the facts that the spectra of SPs older than 200 Myr are hard due to the accumulation of post asymptotic giant branch (AGB) stars and that the spectrum shape remains fairly constant from 200 Myr to 13 Gyr because low-mass stars evolve within a narrow temperature range all the way from main sequence (MS) to AGB phase. Moreover, G08 also investigated the effect of old SPs on their photoionization models.
In previous studies, in which SPs's radiation fields are the CISs of classic H II regions, a SP is solely composed of single stars and has no binaries. Binaries are a reason of hardening SPs' spectra, thus varying the properties of the CISs and H II regions. Kewley et al. (2013) have mentioned a scenario that binary interactions (BIs) harden the SP's spectra: BIs make the stellar systems hotter and more luminous by spinning-up the rotation of the companion star and producing mixing effect (Jiang et al. 2014) . In fact, BIs can harden and raise the SPs' EUV spectra by other processes (such as merge) via producing very hot and luminous stars.
In this study, we will use Yunnan-II EPS models (Zhang et al. 2004 (Zhang et al. , 2005 , in which various BIs are considered, to show that radiation fields of IA SPs with BIs are in theory possible candidates of significant CISs of classic H II regions. Moreover, we will show that He II λ1640 feature (He II feature can be produced by shocks, X-ray binary evolution and WR/massive stars, Brinchmann et al. 2008 ) can be produced, some theoretical line strengths weaker than observations will be increased and the border lines between star-forming galaxies and AGNs in the diagnostic diagram will move into the region occupied originally by AGNs.
The outline of the paper is as follows. In Section 2 we describe the used photoionization, EPS models and parameter space. In section 3 we present the results. In Section 4 we present analyses and discussions. Finally we present a summary and conclusions in Section 5.
MODELS
In this work, we employ MAPPINGS IIIq version photoionization code, which is used to calculate the fluxes of emission lines in H II regions, and Yunnan-II EPS models (Z04, Z05), from which the SPs' radiation fields are obtained as the CISs of H II regions in MAPPINGS IIIq code. In the following, we will briefly describe MAPPINGS code and Yunnan-II models in Sections 2.1 and 2.2, finally we will present parameter space in Section 2.3.
Photoionization code: MAPPINGS
MAPPINGS code is built by Dopita (1976) and developed by Luc Binette (Mexican version), Sutherland & Dopita (1993) , Groves et al. (2004) , G08, and so on. In this work, the parameters employed in MAPPINGS IIIq code are as follows. (i) We use the radiation fields of SPs from Yunnan-II EPS models with and without BIs as the CISs of H II regions. The chosen SPs' age and metallicity are within 6.3≤log(t/yr)≤10.18 and 0.0001≤Z≤0.03 (Table 1) . (ii) Plane-parallel geometry is used and dimensionless ionization parameter logU , used to define ionizing radius, is from −4 to 0 (Table 1) . (iii) Isochoric structure is used and hydrogen density nH ranges from 10 to 350 cm −3 (Table 1) . (iv Dopita et al. 2006, hereafter D06) . At other metallicities, nX /nH scales with (nX /nH) Z ′ ⊙ and metallicity with several exceptions (He, C and N elements, follows D06), DX does not vary with metallicity. (vi) Three kinds of dust components are included: graphites, silicates and PAHs (G08). For the two formers, the size distribution of
1+e −(a/amax ) 3 (β=3.3, amin=40 Å, amax=1600 Åand k=const) is used and the density of themselves is 1.8 and 3.5 g/cm 3 . For PAHs, we assume that graphites are not destroyed with PAHs, PAHs emit in the mid-infrared band when Q2 (a far-UV analogy of U )<1000 (Dopita et al. 2005) , the PAH-to-carbon dust ratio is 0.3 and the fraction of carbon dust depletion in PAHs is 0.05. (vii) At last, we choose the set of input physics including radiation pressure and dust, use the geometrical dilution fraction of 0.5 and use a final total hydrogen column depth of 10 22 cm −2 .
EPS models: Yunnan-II
Yunnan-II models are built since Z04 and Z05 and are the EPS models for instantaneous burst SPs (i.e., assemblies of chemically homogeneous and coeval stars) without (i.e., simple SPs) and with BIs. For the second set of models, various BIs are considered (mass transfer, mass accretion, commonenvelope evolution, collisions, supernova kicks, tidal evolution, and all angular momentum loss mechanisms). In Z04 and Z05 models, each binary in a SP satisfies the given initial primary-mass, mass-ratio q, separation a and eccentricity e distributions, evolutionary parameters (gravity, temperature, etc.) are obtained by evolution algorithm, observables (spectrum, colours, etc.) are transformed from evolutionary parameters via stellar spectral library, at last the SPs' properties are from the integral between observables and weight given by initial distributions. The ages and metallicities of SPs cover the ranges log(t/yr)=5.0-10.18 and Z=0.0001-0.03. Yunnan-II models include several sets of results, the differences among them mainly lie in the choices of initial distributions for stars in a SP, stellar spectral library, and so on. The models, employed in this work, use BaSeL stellar spectral library of Lejeune et al. (1997) , binary star evolution algorithm of Hurley et al. (2002) , the initial mass function of Miller & Scalo (1979) for primary star, uniform q distribution, the combination of power-law and const a distributions at close and far separations and uniform e distribution. The separation distribution implies that ∼50 per cent (a typical value for the Galaxy) of stellar systems are binary systems with orbital periods less than 100 yr.
Parameter space
In this work, we assume that the metallicities of CISs (i.e., SPs) are same as those of nebular gas (same as Stasińska et al. 2006 , hereafter Sta06) and our calculations are only limited to these SPs' metallicities. The element Table 2 . The logarithmic number-abundance ratios of the elements with respect to hydrogen [log( Table 3 . List of emission lines (top-), constituent lines (middle-), line strength ratios and grids (bottom-subparts) analyzed in this work.
line strength ratios and grids d6 T e,O3 (I06, f (ne)); d7 Z (KD02, M);
In notes 'd', the meanings of the abbreviations in parenthesis are as follows. abundances at SP's metallicities (nX /nH)Z are obtained as described in Section 2.1.
In total, we calculate 8190 models in this study (Table 1). Two sets of SP's radiation fields, from Yunnan-II EPS models with and without BIs, are used as the CISs. For each set of EPS models, we choose 39 age values 
RESULTS
In this section, we will show that radiation fields emitted by IA [7 < ∼ log(t/yr) < ∼ 8] SPs with binaries are in theory possible candidates of significant CISs of classic H II regions and show the other resultant features. This work will include various metallicity (Z), electron-temperature (Te), electrondensity (ne) and ionization-parameter (U ) sensitive emission lines, constituent lines, line strength ratios and grids (Table 3 , compiled from literatures). In total, we calculate .08 when log(t/yr)≤6.5 and >6.5. In the order of SP's age, they are black [log(t/yr)=5.1-5.9], red (6.1-6.7), green (6.8-7.2), blue (7.3-7.7), cyan (7.8-8.2), magenta (8.3-8.7), yellow (8.8-9.2), orange (9.3-9.7) and lightgreen (9.8-10.18) lines. 8190 models (Section 2.3), including different U , nH, Z, t and condition that BIs are taken into account.
The conjecture, radiation fields of IA SPs with BIs are possible candidates of significant CISs of H II regions, is based on the facts that the inclusion of BIs can produce some hot [log(T eff /K)∼5] and luminous He MS stars at intermediate ages (see Fig. 4 of Zhang et al. 2012, hereafter Z12) and that this kind of object makes the UV and EUV spectra harder. In Fig. 1, we give the spectrum evolution (91≤λ/Å < ∼ 1100) of SPs with and without BIs at Z=0.02, the SP's age is within log(t/yr)=5.1-10.18. From it, the following phenomena can be seen. (i) When log(t/yr) < ∼ t1 (=6.8∼7.0 for Z=10 −3 ∼0.02) or > ∼ t2 (=7.8∼7.7 for Z=10 −3 ∼0.02), the evolution of EUV spectra is similar between SPs with and without BIs. When log(t/yr) < ∼ t0 (=6.6) they are soft and then become hard until t1. Note that some photoionization models (such as Dop00, Kew01, etc.) used the spectra of SPs at ages of ∼t1. When log(t/yr) > ∼ t2, the EUV spectra are hard but their strengths are far less than young SPs (similar to the conclusion made by Kannan et al. 2014) . (ii) When t1 < ∼ log(t/yr) < ∼ t2, the EUV spectra are completely different. The spectra of SPs without BIs are soft and their strengths are low, while for those with BIs, the opposite holds and their spectrum slope approaches to that for young SPs. The reason of the differences in Fig. 1 can be seen in Sections 3 (2nd paragraph) and 4. In following analyses, we only focus on early and intermediate ages.
Possibility: SPs with BIs are significant CISs
In this section, we will present the effect of BIs on various line strengths/strength-ratios and show in theory the possibility that radiation fields of IA SPs with BIs are significant CISs of H II regions.
First, we will discuss the effect of BIs on various U , Z, ne and Te sensitive line strengths/strength-ratios. By comparisons, we find that the differences are small between the CISs acted by radiation fields emitted by young SPs with and without BIs, while large between using the IA SPs with and without BIs. The line strengths/strength-ratios, when radiation fields of IA SPs with BIs are used as the CISs, are comparable to (even greater than) those for young SPs. This can be seen from Fig. 2 , in which we give the [O III]λ5007/Hβ (the strongest) emission line strength as a function of SP's age only at Z = 0.0001 and 0.03 as an example for the sake of paper's size.
Second, we will show in theory the possibility that radiation fields of IA SPs with BIs are important CISs of H II regions by comparing various grids between using SPs with and without BIs at early and intermediate ages. In Fig. 3 , we take log([N II]λ6583/Hα)∼log([O III]λ5007/Hβ) (i.e., diagnostic diagram of Veilleux & Osterbrock 1987, hereafter VO87) as an example. As comparisons, we also give the border/ selection-criterion lines between star-forming galaxies and AGNs from Dop00, Kew01, Kauffmann et al. (2003, hereafter Kau03) and Sta06. Also shown are the observations of van Zee et al. (1998, V98) , Bresolin et al. (2005, B05) for spiral, Stasińska et al. (2013, S13) for NGC300, Stanghellini et al. (2010, S10) for M81, Bresolin et al. (2009, B09) for M83, Rosolowsky & Simon (2008, R08) for M33, Werk et al. (2011, W11) Meanwhile, from the comparison between the left and right panels of Fig. 4 , we see that the grid border moves toward the upper-right corner when radiation fields of young SPs are replaced by those of IA SPs with BIs as the CISs. This means that the criterion of selecting star-forming galaxies from AGNs would move toward the upper-right corner. This also can be seen from Fig. 3. 
He II λ1640 line
Broad He II λ1640 emission line is observed in Lyman break galaxies (Shapley et al. 2003) and some highredshift gravitationally lensed galaxies (Cabanac et al. 2008; Dessauges-Zavadsky et al. 2010) . He II feature can be produced by shocks, X-ray binary evolution and WR/massive stars (Brinchmann et al. 2008) . Dopita et al. (2011) found that narrow He II feature can be produced by radiative shocks (from Kewley et al. 2013) . In this work, we find that He II λ1640 line can be produced when radiation fields of IA SPs with BIs serve as the CISs of H II regions.
ANALYSES AND DISCUSSIONS
We will analyze the reasons of the above results. They are caused generally by the fact that the line strengths increase when radiation fields of IA SPs with BIs are used as the CISs of H II regions. The emission line spectrum of an H II region is determined primarily by the effective temperature of the cluster stars and by the ionization parameter (Dopita et al. 2005) . The inclusion of BIs can produce very hot and luminous He MS stars in SPs at intermediate ages (see Fig. 4 of Z12), causing that the SPs' spectrum hardness in UV band and the number of ionizing photons in nebulae Q(H) are significantly increased (by ∼2 dex, see Fig. 2 of Z12. By the way, this value is significantly greater than the value of ∼0.5 dex caused by metallicity, which is estimated from Fig. 2 of Z12, Fig. 3 and Table 3 of Zhang et al. 2013) , so more ions are ionized and the emission line strengths increase. Meanwhile, when radiation fields of IA SPs serve as the CISs, the structure of H II regions (Te, ne, radius, element abundance distributions, etc.) also changes. Moreover, it should be noted that logQ(H)∼46 when log(t/yr) < ∼ t1 and logQ(H)∼43.5 or 41 when log(t/yr)∼t2 for solar-metallicity SPs with and without BIs, this implies that the amount of gas ionized and the fluxes of gas emission lines (Hα, [O II] and [O III] nebular lines) would decrease by 2.5 or 4 orders of magnitude, for identical gas properties and CIS' geometry.
In our calculations, blackbody spectrum is used for very hot stars in Yunnan-II EPS models. Moreover, when using MAPPINGS code to calculate the line strengths, we do not consider the change in the mechanical energy L mech caused by BIs. If these factors are considered, the results will be slightly changed but our conclusions will not be changed.
SUMMARY AND CONCLUSIONS
In this letter, we showed that radiation fields of IA [7 < ∼ log(t/yr) < ∼ 8] SPs with BIs are in theory possible candidates of significant CISs of classic H II regions by using photoionization MAPPINGS code and Yunnan-II EPS models. Besides this, the border /selection-criterion lines, between star-forming galaxies and AGNs in the diagnostic diagram, would move into the region occupied originally by AGNs, the theoretical strengths of some lines (such as [O III]λ4959 ′ , [S II]λ6716 ′ , etc.), weaker than observations, would be raised, and He II λ1640 line can be produced. All data will be uploaded to our website (www1.ynao.ac.cn/∼zhangfh).
